Static output feedback design and simultaneous stabilization are di cult control tasks for which no general e cient algorithm has been designed so far. In this note we show that, in the special case of scalar plants, the problem of simultaneous stabilization by static output feedback can however be solved in polynomial time using standard tools of numerical algebra.
Introduction
Static output feedback (SOF) design and simultaneous stabilization (SS) are amongst the most famous basic control problems for which no general, systematic and e cient resolution tool is available. Even though there is no computational complexity result for general SOF design, the problem was shown to be NP-hard when the gain matrix satis es interval constraints Blondel and Tsitsiklis, 2000] . Similarly, the problem of SS by output feedback was shown to be NP-hard, the most negative result in this direction being that the SS problem for more than two plants is rationally undecidable Blondel and Tsitsiklis, 2000] .
A lot of work has been devoted to SOF design and SS, but we are not aware of any result on the combined SOF/SS problem. The purpose of this note is to show that, in the special case of single-input single-output plants, both SOF design (traditionally approached with graphical root locus techniques) and the most intricate problem of SS of a set of plants via SOF can be solved in polynomial time using standard routines of numerical linear algebra. Let us emphasize the fact that the condition in Theorem 1 is necessary and su cient for scalar SOF/SS, and not only su cient.
Algorithm
Based on Theorem 1, a polynomial time algorithm for SOF/SS can be derived:
1. The rst step consists in computing (possibly in parallel) the zeros of quadratic polynomial matrices H i (k) for i = 1; : : : ; N. There exist several methods to compute the zeros of a polynomial matrix. Specialized algorithm have been developed recently to compute the zeros of quadratic symmetric polynomial matrices Tisseur and Meerbergen, 2001 ]. This step can be performed in O(n 3 N).
2. The second step then consists in ordering all the computed zeros k i and nding the intervals I i =]k i ; k i+1 for which i = nN. For this purpose, it is su cient to evaluate the inertia of matrix H(k) at any value of k within the interval I i . For obvious numerical reasons, it is recommended to choose a value of k su ciently far from the lower and upper bounds. Due to the special rank-displacement structure of each H i (k), this step can be performed in O(n 2 N log n) Lev-Ari et al., 1991] . H(k) is equal to nN = 12 is the interval I 0 therefore the four plants are simultaneously stabilizable by a static output feedback u = ky for any nite value of k such that k < ?0:5764
Reactor
Consider the continuous stirred tank reactor model studied in Howitt and Luus, 1991] . The non-linear model is We have shown that the problem of simultaneously stabilizing a set of scalar plants by a static output feedback can be solved very easily with standard tools of numerical linear algebra. The algorithm described in the paper will be implemented in the next release of the Polynomial Toolbox for Matlab Polyx Ltd., 2001 ].
Due to the bilinearity of the Hermite matrix in the design parameters, there is unfortunately no direct extension of these results to dynamic output feedback controllers design. The lack of a polynomial matrix version of the Hermite criterion also prevents us from generalizing our results to multi-input and/or multi-output systems. The only methods that are available so far for addressing these di cult and open control problems are heuristics.
